Introduction
============

Back pain is a common global problem and according to the Centers for Disease Control and Prevention (CDC), it is the second leading cause of disability among American adults.[@b1-jpr-10-1111] The current mainstay of conservative therapy includes the use of nonsteroidal anti-inflammatory drugs (NSAIDs), acetaminophen, muscle relaxants, or even a short course of opioid pain medication in conjunction with non-pharmacological strategies such as physical therapy, all of which lead to improvement in a majority of patients. However, if conservative therapy does not provide symptomatic relief, or if pain persists as moderate-to-severe (≥4/10 on a numeric pain rating scale), more invasive treatments such as epidural steroid injections, facet injections, and radiofrequency ablations are generally considered. Unfortunately, even these more invasive procedures have not been shown to decrease the need for subsequent surgeries in patients with chronic pain secondary to herniated lumbar intervertebral discs.

The question is whether we as physicians have other therapeutic options to offer to patients who fail both conservative therapy and interventional pain procedures, before considering surgical options such as discectomy, disc arthroplasty, or spinal fusion. The purpose of this article is to review the potential new therapies that are on the horizon for the treatment of chronic low back pain. We discuss medications that are currently in different phases of clinical trials (I--III) for the treatment of low back pain.

Anatomy and pathophysiology
---------------------------

The intervertebral disc is crucial to the function of the spine. The discs sit between the contiguous vertebrae and act as a shock absorber, helping enhance fluidity and strength of spinal motion, and dispersion of axial and torsional forces. The intervertebral disc is made of a collagenous exterior annulus fibrosus and a gelatinous interior nucleus pulposus (NP).[@b2-jpr-10-1111] The NP is 85% aqueous and is composed of collagen type II and few chondrocyte-like cells. It has a high proteoglycan and water content and serves to resist axial compression. The annulus fibrosus consists of 15--50 concentric lamellae that are attached to the cartilaginous endplate of each vertebra and is composed of type I collagen and a few fibroblasts, giving it a high tensile force ([Figure 1](#f1-jpr-10-1111){ref-type="fig"}).[@b3-jpr-10-1111]--[@b5-jpr-10-1111] The nutritional pathway of the disc is precarious; the disc itself is relatively avascular, relying on oxygen and nutrient diffusion from the blood supply to the endplates. This means that oxygen tension and glucose concentration are lowest at the center of the disc ([Figure 2](#f2-jpr-10-1111){ref-type="fig"}).[@b6-jpr-10-1111]--[@b8-jpr-10-1111] A decrease in nutrients and oxygen supply to the disc due to loss of end plate permeability makes it difficult for the disc to maintain its matrix and cell turnover (although minimal), which leads to degeneration and cellular apoptosis.[@b4-jpr-10-1111] With maturation, proteoglycans and aggrecan molecules are degraded, resulting in loss of glycosaminoglycans and decreased osmotic pressure.[@b3-jpr-10-1111],[@b4-jpr-10-1111] This affects the load-bearing function of the disc, resulting in loss of disc height and bulging of nuclear contents posteriorly through the thinning or torn annulus and the relatively weak posterior longitudinal ligament. The loss of hydration and desiccation can lead to increased stress concentrations on the endplate and the annulus, which have been associated with discogenic pain.[@b9-jpr-10-1111] Collagen type II fibers become more denatured due to disrupted enzyme activity.[@b4-jpr-10-1111] Aggrecan molecules, which have been shown to inhibit neural ingrowth, also degrade in degenerating discs, leading to neural ingrowth that also contributes to chronic pain.[@b3-jpr-10-1111],[@b10-jpr-10-1111],[@b11-jpr-10-1111] In addition, loss of disc height in a loaded degenerated disc can lead to abnormal loading of apophyseal joints, potentially leading to osteoarthritic changes.[@b12-jpr-10-1111]

These physiological changes make intervertebral discs more susceptible to herniation through radial tears, most commonly. Intervertebral disc herniation occurs when there is displacement of the disc material through radial annular tears beyond the limits of the intervertebral disc margin at the annulus. The material extending outside the disc annulus can include portions of NP, cartilaginous endplate, fragmented apophyseal bone, annular tissue or all of these. A majority of the time, herniated material contains mainly NP, either alone or in combination with the aforementioned tissues. Disc herniations are generally associated with disc degenerative changes; however, a healthy intervertebral disc under too much of a torque or load can also herniate.[@b13-jpr-10-1111],[@b14-jpr-10-1111] Due to the convex shape of the vertebrae, mid and outer annular fibers are subjected to higher strain when a weight load is applied to the spinal column in some degree of flexion, making the annulus more vulnerable to radial or longitudinal tears, especially in the posterolateral region.[@b14-jpr-10-1111] Obese people or those having jobs with prolonged sitting, repetitive heavy lifting, twisting or vibration exposure will be more prone to disc degeneration and herniation.[@b2-jpr-10-1111],[@b3-jpr-10-1111],[@b13-jpr-10-1111],[@b15-jpr-10-1111] All these factors along with cigarette smoking and intense physical activity can accelerate disc degeneration beyond what would occur with normal aging and maturation.

Symptoms
--------

Most physicians see patients with symptomatic intervertebral disc herniation because they are experiencing either leg or low back pain with or without a variable degree of motor or sensory loss. Pain in this case is caused by not only the mechanical effect of the herniated material on the nerve root but also from chemical and autoimmune reactions causing root inflammation.[@b14-jpr-10-1111],[@b16-jpr-10-1111],[@b17-jpr-10-1111] The nucleus is laden with inflammatory mediators, including phospholipase A2, histamine, lactate, bradykinin, substance P, calcitonin-gene related peptide, and vasoactive intestinal peptide among others. From a radiological perspective, it has generally been shown that the severity of lower extremity pain is associated with more severe disc disease, but this is not always the case.[@b16-jpr-10-1111] Large free fragments can oftentimes be totally asymptomatic.[@b18-jpr-10-1111] In cases where only a small amount of herniated material causes pain, chemical factors from inflammatory mediator liberation are likely responsible for the pain. Unfortunately, not even magnetic resonance imaging (MRI) is able to give us enough information to determine whether a patient's operant pathology is mechanical/compressive or chemical/inflammatory.[@b17-jpr-10-1111] Provocation discography has been cited as one method that can differentiate chemical from mechanical disc pathology.

The degenerative process of intervertebral discs tends to escalate with age, while the natural course of intervertebral disc herniation lends itself to a favorable prognosis in the majority of cases. It has been shown that between 45% and 80% of patients experience at least 30% reduction in disc herniation due to disc desiccation, with many experiencing complete reduction of symptoms even with modest dehydration.[@b17-jpr-10-1111],[@b19-jpr-10-1111] Acutely severe pain usually abates in 1--2 weeks in most people. Full recovery is dependent on the presence or absence of a neurologic deficit. Mild deficits usually recover in 6--12 weeks while severe neurologic loss can take up to 1year to recover fully. It has also been demonstrated in one study that between 9% and 35% of patients with acute low back pain continued to have symptoms that were clinically significant at 6 months, with no further improvement even when reassessed at 2 years.[@b20-jpr-10-1111] The same study demonstrated a recurrence rate of 47% between 6 months and 2 years after the initial episode of acute low back pain.[@b20-jpr-10-1111] While this helps to shed some light on the timeline between acute and chronic pain, as well as pain recurrence caused by intervertebral disc herniation, many studies continue to endorse considering surgery after 6 weeks in case of continued severe pain or lower extremity motor function loss.[@b15-jpr-10-1111],[@b17-jpr-10-1111]

Treatment
---------

Given that many people with intervertebral lumbar disc herniation have a high likelihood of recovery spontaneously without surgical interventions, and the fact that some people are not good surgical candidates, there are many other methods that are used to manage pain from this condition. The areas of treatment can be divided into conservative management and invasive treatments. When starting conservative management, most people begin with a combination of pharmacological and non-pharmacological strategies. Pharmacological interventions include acetaminophen, NSAIDs, muscle relaxants, tramadol, corticosteroids, and even short courses of opioids for moderate-to-severe pain, in accordance with the World Health Organization's stepladder approach to managing chronic pain. Pharmacological strategies are mainly aimed at symptom control until pain abates. Non-pharmacological strategies include physical therapy, acupuncture, chiropractic manipulation, or therapies such as yoga, tai chi, or meditation. The majority of people improve with conservative treatments exclusively or in conjunction with a multimodal analgesic regimen as mentioned previously.[@b2-jpr-10-1111],[@b15-jpr-10-1111],[@b17-jpr-10-1111],[@b21-jpr-10-1111]

If conservative treatment does not provide symptom relief, more invasive treatments are generally considered. Epidural glucocorticoid injections have long been touted as the first step in invasive interventional management of symptomatic intervertebral herniated discs. Whether by a lumbar interlaminar, caudal, or transforaminal approach, epidural injections have been shown to reduce pain scores and disability mainly in the short term (usually at 2 weeks) as well as delay the need for surgical intervention for as long as 13--28 months.[@b22-jpr-10-1111] Patients may experience relief for a period of time but may require additional repeat injections following pain recurrence.[@b20-jpr-10-1111] Whereas the efficacy of steroids in epidural injections is controversial, a meta-analysis of 10 randomized controlled trials of epidural injections for the treatment of radicular low back pain confirmed that epidural injections of local anesthetic with or without steroids resulted in significant improvement in pain and functionality, as well as decreased opioid consumption.[@b23-jpr-10-1111] However, epidural injections have not been shown to decrease the need for eventual subsequent surgery in patients with chronic pain secondary to herniated intervertebral disc.[@b2-jpr-10-1111],[@b15-jpr-10-1111],[@b17-jpr-10-1111] Are there any other treatment options for patients who fail both conservative and interventional procedures before undergoing surgical procedures (discectomy, disc arthroplasty, spinal fusion, etc.) in the management of symptomatic lumbar radicular low back pain ([Figure 3](#f3-jpr-10-1111){ref-type="fig"})?

Chemonucleolysis with chymopapain
---------------------------------

Chemonucleolysis is a process that was first described by Smith in 1964.[@b24-jpr-10-1111] It consists of an injection of proteolytic enzymes into the intervertebral disc for the purpose of dissolving the herniated NP. The main enzyme used for this purpose was chymopapain, which is a non-specific proteo-glycanase derived from the papaya plant. It was found to only have effect on cartilaginous tissue material from displaced intervertebral disc, that is the NP and the annulus fibrosus, without affecting surrounding tissues, including collagen or nervous tissues.[@b25-jpr-10-1111] Essentially, injecting chymopapain directly into the intervertebral disc caused disc narrowing due to dissolution of the extruded material. Animal studies supported the safety of intradiscal chymopapain enzyme and Smith was able to publish his initial report on 10 patients who underwent chemonucleolysis in 1964.[@b24-jpr-10-1111] After much controversy and vocal opposition to the adoption of chemonucleolysis in clinical practice, and following additional research, chymo-papain was approved by the Food and Drug Administration (FDA) in 1982, 18 years after the initial report describing its benefits was published.[@b25-jpr-10-1111]

Careful selection of patients for chemonucleolysis was crucial to the success of the treatment.[@b26-jpr-10-1111],[@b27-jpr-10-1111] Kim et al analyzed the prognostic factors of 3000 patients who improved following chymopapain injection and found a statistically significant difference in patients who complained primarily of leg pain (88%) versus low back pain (59%), as well as more improvement in patients with a moderate or severe straight leg raise versus mild or no limitation.[@b26-jpr-10-1111] Radiologic assessment of patients prior to treatment played a substantial role in patient selection as well. Soft disc herniations, especially in the posterolateral direction, showed much higher success rates (94.7%) versus patients with diffuse bulging herniations (65.7%).[@b26-jpr-10-1111] Prognostic factors that were also shown to favor good outcomes included young age, shorter duration of symptoms, and lack of bony spurs or calcifications on radiologic studies.[@b26-jpr-10-1111] Because selection of subjects must be precise for chemonucleolysis, sometimes it so happened that patients who qualified as surgical candidates would not meet the criteria for selection for chemonucleolysis.[@b26-jpr-10-1111]

Logistically, there are multiple steps that need to be followed in order for chemonucleolysis to work seamlessly. Prior to the start of the procedure, patients need to be tested for the chymopapain antibody with a simple skin test in order to screen for those susceptible to anaphylactic reaction.[@b28-jpr-10-1111] Initially, general anesthesia was used for the procedure, but eventually local anesthetic with monitored anesthesia care (if necessary) was preferred. Needle insertion was performed under fluoroscopy in order to confirm accurate placement in the center of the intervertebral lumbar disc.[@b28-jpr-10-1111] While chemonucleolysis is no longer performed using chymopapain, early studies paved the way for the development of a safe and effective intervention technique.

Nordby et al reported 45 studies between 1985 and 1993 by looking at records of 7335 patients who underwent chemonucleolysis with chymopapain and found a 76% success rate.[@b29-jpr-10-1111] Another prospective study followed patients who had failed conservative therapy who underwent chymopapain injections. The authors reported that 83% of patients had an excellent or good outcome.[@b27-jpr-10-1111] A meta-analysis published in 2007, looking at 22 studies including over 2000 patients who underwent chemonucleolysis for herniated lumbar intervertebral discs, found it to be superior to placebo and effective in reducing pain caused by herniated lumbar discs.[@b30-jpr-10-1111]

Is chemonucleolysis superior to lumbar disc surgery? A randomized control trial (RCT) was performed to determine just that, wherein 100 patients who had been experiencing sciatica with a minimum of 3 months of conservative therapy were enrolled into the study. They were randomly allocated to treatment groups of either standard lumbar dis-cectomy or chemonucleolysis. If chemonucleolysis patients failed to show improvement at 6 months, they were offered surgery, which occurred in 10 cases of crossover. At 1 year, 93% of the chemonucleolysis group had excellent or good outcomes compared with 96% in the surgical group.[@b31-jpr-10-1111] These results were not statistically different. At 10--13 years and 24--27-year follow-ups, some deterioration was shown in both groups but again, there was no statistical difference in outcomes between the groups.[@b31-jpr-10-1111] While manifesting a favorable response to treatment does not seem to differ between the two treatment modalities (surgery; chemonucleolysis), comparison of adverse events does differ. Infection rates, neurologic or hemorrhagic events, miscellaneous events, and mortality are all drastically lower in chemonucleoly-sis compared with surgical treatment.[@b29-jpr-10-1111],[@b32-jpr-10-1111] In addition, in studies conducted 30 years ago, chemonucleolysis cost an average of \$2000 less and required less days in the hospital post-procedure.[@b28-jpr-10-1111],[@b33-jpr-10-1111] It is also important to remember that failure to attain a successful outcome using chemonucleolysis does not necessarily affect the eligibility of a patient to undergo surgical treatment.[@b27-jpr-10-1111],[@b29-jpr-10-1111]

Why is chemonucleolysis with chymopapain not in use today? Chemonucleolysis remained surrounded by considerable controversy over the past 50 years since Lyman Smith first proposed it as an option to surgery for symptomatic lumbar disc disease. Chymopapain is very allergic in that \~3% of the population of North America is sensitive to the papaya enzyme. This means anaphylaxis is a very serious potential complication of chymopapain.[@b25-jpr-10-1111],[@b32-jpr-10-1111] It has been shown that anaphylaxis occurs in 5 per 10,000 patients who receive the injection.[@b29-jpr-10-1111],[@b34-jpr-10-1111] Other severe adverse reactions that have been linked to chemonucleolysis include discitis, subarachnoid hemorrhage, paraplegia, and a previous association with acute transverse myelitis.[@b29-jpr-10-1111] The majority of the adverse events associated with chemonucleolysis with chymopapain can be avoided by proper patient selection and technique; however, the procedure has not been available since the early 2000s secondary to safety concerns.

Chemonucleolysis with collagenase
---------------------------------

Due to the aforementioned safety concerns associated with chymopapain, chemonucleolysis with other enzymes has been studied. Collagenase is an enzyme known to split collagen fibers. Purified collagenase is fairly specific for type II collagen fibers, which are mainly found in the NP whereas the annulus is primarily composed of type I collagen. Collagenase has also been tested in animals and found to have much lower allergic potential than does chymopapain.[@b35-jpr-10-1111] Collagenase showed an 80% success rate in 30 patients with refractory symptomatic lumbar intervertebral disc disease 8 weeks after injection when compared with placebo.[@b36-jpr-10-1111] One study of 100 patients treated with either chymopapain or collagenase showed good and excellent results in 72% and 52% of patients, respectively, at a 5-year follow-up.[@b35-jpr-10-1111] While collagenase appears to be comparable in efficacy as chymopapain, it also has potential adverse effects. While it does not elicit the same allergic response that chymopapain does, reports of endplate erosion of adjacent vertebra, as well as hemorrhage and paraplegia, have been linked to collagenase injections.[@b37-jpr-10-1111]

Chemonucleolysis with chondroitinase ABC
----------------------------------------

Chondroitinase ABC is a polysaccharidease that cleaves the side chains of proteoglycans. In beagles, it was shown to decrease disc heights as well as intradiscal pressure.[@b38-jpr-10-1111] In vitro rabbit disc cells were cultured after exposure to chondroitinase and chymopapain, and it was found that cells exposed to chondroitinase were able to reestablish an extracellular matrix greater to that attributed to chymopapain.[@b39-jpr-10-1111] Animal studies showed that chondroitinase ABC is safer than both chymo-papain and collagenase.[@b40-jpr-10-1111] So far, no human studies have been published testing chondroitinase use in the intervertebral disc. On the other hand, Norcross et al demonstrated a completely opposite model in which an in vivo rat intervertebral disc injected with chondroitinase altered the biomechanics and histological parameters of the disc to a pathological degree. It induced decreased height, diminished proteoglycan content, increased stiffness, and loss of cellularity, similar to findings of degenerative disc disease.[@b41-jpr-10-1111]

Chemonucleolysis with matrix matalloproteinase (MMP)
----------------------------------------------------

MMPs are one of the newest agents used for chemonucle-olysis. MMPs are neutral secreted zinc proteases that have been shown to degrade various portions of the extracellular matrix.[@b3-jpr-10-1111],[@b4-jpr-10-1111] It appears that MMP-7 cleaves aggrecan molecules at 1000-fold the strength of collagen type I or II.[@b42-jpr-10-1111] This means that the NP, which is comprised mainly of proteoglycans and type II collagen, would likely be the most affected portion. MMPs also act as a chemoattractant for macrophages, which also play a role in natural resorption of herniated discs.[@b43-jpr-10-1111] Both MMP-3 and MMP-7 have been shown to be present in samples of human herniated discs and have been revealed as prominent contributors to the natural resorption process of herniated discs during the desiccation process.[@b44-jpr-10-1111] Haro et al looked at the use of recombinant human MMP-7 to help facilitate the natural resorption of herniated disc tissue. When compared with chymopapain-treated human herniated disc tissue in vitro, MMP-7 treated tissue showed a similar decrease in wet weight, meaning the MMP-7 degraded the human herniated tissue comparably to what was observed using chymopapain.[@b45-jpr-10-1111] They also demonstrated that MMP-7 appeared to be as potent as chymopapain for the degradation of normal rabbit disc tissue in vivo, as well as for canine herniated disc tissue.[@b45-jpr-10-1111] While MMP-7 appeared to only degrade the structures of the nucleus, chymopapain exhibited destruction of both the nucleus and the annulus. This means that unlike chemonucleolysis with chymopapain, MMP-7 may facilitate resorption for all types of herniated discs (i.e., protrusion and extrusion) with negligible effects on surrounding structures.[@b42-jpr-10-1111],[@b45-jpr-10-1111] After injecting radioactive recombinant human MMP-7, it was not found in the muscle or surrounding tissues when applied correctly in canines. It appeared to have no effect on collagen fibers, neurons, axons, myelin sheaths, or astrocytes, as well as no systemic effects after both 1 and 13 weeks.[@b42-jpr-10-1111] In addition, because recombinant human MMP-7 is a human protein, there will likely be no anaphylaxis with its use clinically.[@b42-jpr-10-1111] At this point, MMP-7 appears to be a safe alternative to chymopapain although definitive studies need to be conducted to prove this in humans.

Chemonucleolysis with ethanol gel
---------------------------------

Pure ethanol was studied as an alternative to chymopapain with positive results; however, problems arose due to its low viscosity and subsequent leakage to surrounding areas with resulting pain.[@b46-jpr-10-1111] This problem was improved upon by adding ethylcellulose, a thickening agent, to create an ethanol gel that would be easier to handle and decrease leakage to surrounding non-targeted areas. Furthermore, tungsten, a radiopaque substance, was added so that correct intradiscal placement as well as determination of any leak could be seen under fluoroscopy at the time of placement ([Figure 4](#f4-jpr-10-1111){ref-type="fig"}).[@b47-jpr-10-1111] In a recent Bellini et al study of 80 patients with cervical and lumbar disc herniations, 85% of those with lumbar herniations and 83% with cervical herniations benefited from intradiscal gelified ethanol, with reported pain reduction of at least 40%.[@b48-jpr-10-1111] Another study of 42 patients who failed conservative treatments and underwent intradiscal ethanol gel injection found a decrease in pain intensity by 44% and 62.6% after 1 and 3 months, respectively, versus baseline (*P*=0.007).[@b49-jpr-10-1111] In animals, it was found that gelified ethanol, when injected outside the intradiscal space, intraforaminally, epidural, and intramuscularly did not produce any morphostructural changes in the nervous or surrounding muscle tissue.[@b50-jpr-10-1111] Currently, studies are underway comparing outcomes of gelified ethanol injection versus surgery in patients with resistant sciatica. One is a randomized, open label, non-inferiority study of \~300 patients with completion date estimated January 2018[@b51-jpr-10-1111] ([Table 1](#t1-jpr-10-1111){ref-type="table"}). Ethanol gel is also in a randomized, blinded, efficacy study on 40 patients in combination with pulsed radiofrequency to the intervertebral disc to see if the combination of ethanol gel with radiofrequency is superior to ethanol gel alone[@b52-jpr-10-1111] ([Table 1](#t1-jpr-10-1111){ref-type="table"}).

GFR alpha3
----------

Disc degeneration with eventual herniation of disc material can lead to compression and injury of peripheral nerves, leading to neuropathic pain and sciatica. Growth factors (GFs) have been used to promote sensory regrowth in the spinal cord.[@b53-jpr-10-1111],[@b54-jpr-10-1111] While GFs appear to show promise, nerve growth factor (NGF) and glial cell line-derived neurotropic factor (GDNF) produce adverse effects such as pain, bowel urgency, and paraesthe-sias.[@b55-jpr-10-1111] Artemin on the other hand is a neurotrophic GF that signals through the GDNF family receptor GFR alpha3 selectively, which is highly restricted to sensory neurons.[@b56-jpr-10-1111] This led researchers to believe that since artemin targets GFR alpha3 on sensory nerve fibers, it could repair peripheral nerves damaged by compression from herniated discs. In an animal model using rats, systemic administration of artemin promoted regeneration of multiple classes of nerve fibers, reestablished functional spinal connections, and restored nociceptive and sensorimotor functions.[@b57-jpr-10-1111] The treatment demonstrated restoration of function lasting at least 6 months even after a 2-day delay in treatment following nerve damage. In addition, artemin did not change the sensory thresholds of the uninjured animals.[@b57-jpr-10-1111] A single center, blinded, randomized, placebo controlled Phase I study was published in 2015 on 44 patients with unilateral sciatica after a one-time dosing of intravenous artemin. Mild improvement in pain scores was witnessed; however, pain reduction was not the primary outcome of the study. The study concluded with support for further development of artemin for treatment of neuropathic pain and stating that low amount of pain reduction was witnessed was from single dosing of artemin and that perhaps further benefit can be obtained with multiple dosing.[@b58-jpr-10-1111] A randomized, double-blind Phase II trial was completed in 2015 on 184 patients looking not only at pain reduction but also at safety and tolerability after multiple injections of intravenously administered artemin in patients with painful lumbar radiculopathy; however, no results are yet available[@b59-jpr-10-1111] ([Table 1](#t1-jpr-10-1111){ref-type="table"}).

Neuronal GFs -- tanezumab
-------------------------

NGF is one of the many factors that modulate nociceptive neuronal activity. It plays a role in pain signaling pathways and is released when there is tissue inflammation or nerve damage.[@b60-jpr-10-1111] Elevated levels have been shown in chronic pain conditions and it has been shown that exogenous NFG can result in hyperalgesia.[@b61-jpr-10-1111] On the other hand, a decrease in the amount of NGF leads to a reduction in the pain response.[@b61-jpr-10-1111],[@b62-jpr-10-1111] Anti-NGF has shown favorable decreases in pain behaviors in animals.[@b63-jpr-10-1111] In addition, human studies with anti-NGF have demonstrated favorable reduction in pain in chronic pain syndromes, including osteoarthritis and interstitial cystitis.[@b64-jpr-10-1111],[@b65-jpr-10-1111] Therefore, it is reasonable to assume that low back pain secondary to degenerative disc could be decreased by blocking NGF.

Tanezumab is a monoclonal antibody that has been demonstrated to have a high affinity for NGF. Katz et al[@b62-jpr-10-1111] conducted a RCT to compare reduction of low back pain in patients receiving either tanezumab infusions or oral naproxen (NSAID). Two hundred and twenty patients with chronic non-radicular pain for at least 3 months were enrolled into the study. Patients were randomly assigned to receive 1 tanezumab infusion (200µg/kg), naproxen twice daily, or a placebo. Tanezumab showed a statistically significant reduction in low back pain index compared with naproxen and placebo at 4, 6, 8, and 12 weeks.[@b62-jpr-10-1111] A similar study was performed on a larger scale with 1347 patients across 115 centers in USA, using standard dosages of tanezumab of 5, 10, and 20 mg. This study demonstrated a statistically significant improvement in low back pain index at 4, 6, 8, and 12 weeks compared with naproxen, but only in the 10 and 20 mg dosages.[@b66-jpr-10-1111] The 5 mg dose of tanezumab did not show a statistical difference in improvement of pain score compared with naproxen.[@b66-jpr-10-1111] With both studies, a few adverse effects emerged. Hyperesthesias and dysesthesias during treatments were reported by 4.6% of patients in treatment groups, with adverse events occurring more frequently at the higher dosing levels.[@b66-jpr-10-1111] In a follow-up study that addresses long-term safety and efficacy, some patients reported adverse events initially classified as osteonecrosis. This caused a temporary clinical hold placed on tanezumab in 2010; however, upon re-review of the cases, none were classified as primary osteonecrosis.[@b62-jpr-10-1111],[@b66-jpr-10-1111],[@b67-jpr-10-1111] Later, in December 2012, another clinical hold was placed just 6 months after the FDA released the previous one due to preclinical aberrant sympathetic neuronal findings. However, the final release was in March 2015 when additional preclinical studies showed that those changes on sympathetic neurons were reversible after discontinuation of tanezumab and no evidence of sympathetic nervous system function impairment was identified.

In a meta-analysis of all anti-nerve GF studies as treatment for low back pain, four RCTs were reviewed. Two of these studies were for tanezumab, which found a small-to-moderate effect on pain relief as well as small increases in functional improvement compared with placebo.[@b68-jpr-10-1111] While tanezumab did show a higher risk of developing adverse effects, it was not statistically significant and there was no higher risk for serious adverse effects.[@b68-jpr-10-1111] Currently, a 1800 patient, randomized, placebo and active control, Phase III study is underway to study the efficacy of subcutaneous tanezumab in patients with chronic low back pain. Tanezumab will be administered as a subcutaneous injection every 8 weeks over a 56-week time span with pain reduction as the primary sought outcome[@b69-jpr-10-1111] ([Table 1](#t1-jpr-10-1111){ref-type="table"}).

GFs
---

Homeostasis of the tissues is maintained by a delicate balance between anabolism and catabolism of the disc cells. Traditional therapeutic strategies involving GFs attempt to upregulate anabolic factors (increase aggrecan production), while others attempt to downregulate catabolic factors such as pro-inflammatory cytokines or interleukin-1.[@b70-jpr-10-1111] The goal of GF therapy is to increase cell viability and proliferation, thereby upregulating anabolic pathways.[@b7-jpr-10-1111] By doing that, proteoglycan production will be increased. Various GFs have been shown to possess this ability upon injection into the degenerated intervertebral disc. Insulin-like growth factor 1 (IGF-1) and fibroblast growth factor (FGF) have been shown to prevent apoptosis of in vitro human disc cells.[@b71-jpr-10-1111] More viable cells may then lead to more proteoglycan production. This has been shown to be true with many GFs. Bone morphogenic protein (BMP) and transforming growth factor (TGF) beta application have been shown to increase production of collagen and aggrecan in NP cells in vitro and also promote chondrocyte-like cells, leading to increased production of aggrecan and type II collagen.[@b72-jpr-10-1111],[@b73-jpr-10-1111] Latent membrane proteins have been shown to increase intervertebral disc cell production of not only BMPs but also proteoglycans.[@b74-jpr-10-1111] Osteogenic peptide-1 has been shown to increase disc height and water content of NP in rabbits; however, it was unable to stimulate regeneration in human degenerative neuropathic pain.[@b75-jpr-10-1111],[@b76-jpr-10-1111] GF therapy with the purposes of stimulating matrix synthesis has had limited success for a variety of reasons. Most degenerative discs exhibit a decrease in the already limited number of cells in the nucleus and annulus. This means matrix synthesis will be limited to the number of viable cells available.[@b77-jpr-10-1111] An additional drawback is that many of the GFs have been shown to have a short half-life, which would require multiple repeat injections.[@b7-jpr-10-1111]

Platelet-rich plasma (PRP) has been studied for this purpose because it is high in GFs, including TGF, vascular endothelial GF, FGF, epidermal GF, platelet derived GF as well as others. Levi et al studied 22 patients who underwent intradiscal PRP injection with a 6-month follow-up. Categorical success rate rose from 14% at 1 month, 32% at 2 months, to 47% at 6 months of at least 50% improvement.[@b78-jpr-10-1111] A prospective, double-blinded, randomized, placebo controlled study of 47 patients showed significant improvement outcomes in the intradiscal injected PRP group with regard to pain. Function (functional rating index) (*p*=0.03) and outcome satisfaction (North American Spine Society) (*p*=0.01) were revealed at 8-week follow-up and statistically improved function at the 1-year follow-up.[@b79-jpr-10-1111] Both of these studies conclude with a recommendation for additional trials of intradiscal PRP.

Stem cell therapy
-----------------

Stem cell research with respect to healing degenerated inter-vertebral discs is focused on cell replacement and increase in the synthesis of proteoglycans and type II collagen. Considering that one hallmark of a degenerating disc is an absolute decrease in cell number, different cell sources have been used to attempt to encourage disc regeneration. This type of cell poses a problem because it must be able to survive long term in the harsh environment of the degenerated disc and yet still remain viable. The high osmolarity and low pH of disk are deleterious factors to viability, where low glucose conditions actually appear to be a favorable factor.[@b80-jpr-10-1111] Testing is currently going on with different cell sources to determine which cell lines have both feasibility in harvesting and the ability to differentiate into active disc cells.

Cell therapy has been studied in many animal models showing improvement in disc cellular degeneration. In a study carried out on 12 rabbits, the rate of degeneration was not only reduced but was also actually reversed in some cases.[@b81-jpr-10-1111] Rabbit discs were damaged through a needle puncture technique and 8 weeks after damage, allogeneic mesenchymal stem cells (MSCs), which were obtained from rabbit leg bone marrow, were transplanted into four rabbits, a hyaluronic carrier alone transferred into four rabbits and the damage was left untreated in the remaining four rabbits. MRI was conducted to obtain T2-weighted images for disc height and water content at 8 weeks before transplantation and 16 weeks after. The discs were then removed, and histological analysis was performed to evaluate the cellular architecture, collagen, and aggrecan. At 16 weeks, the MCSs with the hydrogel carriers demonstrated recovery of disc height compared with the transplanted carrier alone and the controls. Histological scoring of disc repair improved as well in the MSCs group compared with both the carrier alone and the control group.[@b81-jpr-10-1111]

A pilot study was conducted in 2011 using 10 patients who failed to respond to conservative therapy for at least 6 months. Patients had stem cells harvested from their iliac crests, which were then cultured. Post-transplant, lumbar pain and disability were strongly reduced (61.5% and 48%, respectively) at 3 months, with additional modest improvement at 6 and 12 months.[@b82-jpr-10-1111] Only one patient in the study did not experience symptomatic improvement. On imaging, disc heights were not demonstrated to increase, but fluid content was shown to increase.[@b82-jpr-10-1111] A case study on two patients was conducted with human umbilical cord cells (HUC-MSCs).[@b83-jpr-10-1111] This was the first time HUC-MSCs were tested. Both the patients experienced a drastic decrease in pain on the Visual Analog Scale (7 to 1 and 8 to 2--4) and disability on the Oswestry Disability Index (45 to 5--10 and 56 to 10--20).[@b83-jpr-10-1111] These case studies portrayed HUC-MSC transplantation as a potentially favorable alternative for patients with degenerative discs because patients do not have to undergo a procedure in order to obtain the stem cells such as bone marrow aspiration or liposuction. There are several ongoing trials looking into intradiscal injections of MSCs. The largest of these being a prospective, multicenter, randomized, double-blind, and placebo-controlled Phase III trial on patients with chronic low back. This ongoing study plans to enroll 330 patients and is estimated to be completed in December 2017[@b84-jpr-10-1111] ([Table 1](#t1-jpr-10-1111){ref-type="table"}).

Cell therapies unfortunately, due to costs of cell production, at this time remain prohibitively expensive. However, they do appear to be a reasonable alternative option for people with degenerative discs. While many surgical options have been shown to be successful, cell therapies avoid surgical side effects and can be performed on an outpatient setting because of rapid improvement in pain and functional status.[@b82-jpr-10-1111],[@b85-jpr-10-1111]

Limitations
===========

There are some limitations to this narrative review. This was not a systematic review, which means that we have not included all pertinent references. Furthermore, we have included only medications that showed some promising results in clinical trials or those being studied in human subjects in protocols that are currently ongoing, based on [clinicaltrials.gov](http://clinicaltrials.gov) database. We could not explain in great details the respective mechanisms of action for the listed mediations due to space limitations as well as results of animal preclinical studies.

Conclusion
==========

Disc herniation is an identifiable clinical phenomenon, usually based on symptomatology and objective imaging. While the overall prognosis of recovery from symptomatic disc herniation is relatively good, and the natural absorption of disc material typically evolves over 1 year, some patients still develop chronic pain despite conservative treatments. Chemo-nucleolysis has been abandoned for \>10 years but might be revisited as a treatment option for patients with symptomatic herniated intervertebral discs. By dissolving the disc material, inflammatory mediators and mechanical pressure on small neural structures are removed. While the original enzyme, chymopapain, has been discontinued due to safety concerns, new enzymes are being studied for safety and effectiveness. Collagenase appears to have similar efficacy to chymopapain without potential adverse allergic reactions. However, it has been shown to lead to erosion of endplates on adjacent vertebra, making its use less desirable. MMP-7 is another protease shown to cleave proteoglycans and have similar efficacy as chy-mopapain as well as a favorable safety profile. While MMP-7 appears to be successful in vitro and in animal models, clinical trials need to be conducted to assess its safety and efficacy in humans. Initial studies show benefits of ethanol gel for both lumbar and cervical disc herniation and is further being studied given its efficacy and favorable side effect profile. Artemin is a new drug that causes stimulation of the GDRF sites, leading to regeneration of nerve and restoration of nerve function in animal models. Being that it targets receptors specific to peripheral nerves, the hope is to be able to administer the drug via systemic infusion, while maintaining only local effects. Tanezumab, a monoclonal antibody against NGF, aims to block pain signaling pathways, leading to improvement in pain and functionality in both animal models and chronic pain conditions. Initial trials comparing tanezumab to naproxen show reductions in both pain and disability, and studies are being conducted to further evaluate long-term safety and efficacy in humans. PRP has shown promising results when injected into the intervertebral disc and is currently being studied for orthopedic injuries; however, there are no active studies for low back pain registered. Use of stem cell to regenerate cells and increase disc matrix production is also currently being researched. While many cell lines have been considered, mesenchymal cells from either adipose tissue or bone marrow appear to hold the most promise. In vitro testing, animal models, and small pilot studies show success with matrix production. Several studies are currently underway, looking at long-term benefits of intradiscal injection of stem cells as well as use of different stem cell lines such as mesenchymal cells from adipose tissue or umbilical cord.

With a rising prevalence of chronic low back pain that is expected to rise with an aging population, new therapies are needed to bridge the current gap between conservative measurements and surgical interventions. It is important to remember that those discussed here, whether intravenous, subcutaneous, or via intradiscal injection, should they fail, do not preclude a patient from qualifying for surgical procedures. Spinal surgery, however, is not without potential serious morbidity risks. Post-laminectomy syndrome, also known as failed back surgery syndrome (FBSS), is a pain that continues despite surgical intervention, and is a well-described complication with notable treatment failure rates. While individual reports vary on incidence of FBSS, the report with the longest follow-up (average 14.3 years) showed 74.6% of patients had mild residual pain and 12.7% of patients had frequent mild or occasional severe pain, despite treatment intervention. This study also mentioned that 10% of patients had to undergo a revision of their surgery.[@b86-jpr-10-1111] However, if further studies are found to provide long-term benefit and improvement to quality of life, it may be able to reduce patients who undergo spinal surgery, and the inherent morbidity and mortality involved with all surgical procedures.[@b87-jpr-10-1111] We believe that with these new therapeutic options, we can bridge the current gap between conservative/interventional procedures and surgeries in patients with chronic back pain.
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![The relative proportion of the three main components of the adult human intervertebral disc; nucleus pulposus, annulus fibrosus, and the cartilage endplate.\
**Note:** Reprinted with permission from Copyright 2011 ILO's Encyclopaedia. Roberts S, Urban S, Jill PG. *Encyclopedia of Occupational Health and Safety*. Intervertebral Discs. Available from: <http://www.iloencyclopaedia.org/part-i-47946/musculoskeletal-system/17-6-musculoskeletal-system/intervertebral-discs>.[@b5-jpr-10-1111]](jpr-10-1111Fig1){#f1-jpr-10-1111}

![Pathways of nutrient supply in a normal intervertebral disc.\
**Notes:** (**A**) The avascular intervertebral disc is supplied by surrounding vertebral blood vessels and nutrients must diffuse from the outside of the disc inward, down their concentration gradients. (**B**) Demonstrates the relationship of concentration gradients as nutrients are at their lowest concentration in the middle of the disc whereas metabolites and waste products are at their highest concentrations because of relative difficulty to diffuse out of the area. (**C**) Schematic showing normalized concentration gradients of glucose, oxygen, and lactic acid across the nucleus and endplate. Nutrient concentrations must remain above the critical levels to maintain cell viability and activity. Copyright ©2014. Reprinted from Nature Publishing Group. Huang YC, Urban JP, Luk KD. Intervertebral disc regeneration: do nutrients lead the way? *Nat Rev Rheumatol*. 2014;10(9):561--566.[@b8-jpr-10-1111]](jpr-10-1111Fig2){#f2-jpr-10-1111}

![Current common stepwise approach to management of low back pain.\
**Notes:** Initially, non-invasive measures are initiated consisting of oral medications along with non-pharmacologic measures such as physical therapy. This is followed by invasive treatments such as epidural injections or radiofrequency ablation. If these measures fail, surgical options are considered, which include discectomy or spinal fusion.\
**Abbreviation:** NSAIDs, nonsteroidal anti-inflammatory drugs.](jpr-10-1111Fig3){#f3-jpr-10-1111}

![Fluoroscopic image demonstrating the tungsten contrast material within the intervertebral disc, indicating adequate placement of the ethanol gel injection.\
**Note:** Reproduced from Volpentesta G, De Rose M, Bosco D, et al. Lumbar percutaneous intradiscalinjection of radiopaque gelifiedethanol (Discogel) in patients with low back and radicular pain. *J Pain Relief*. 2014;3:145. Creative Commons Attribution License.[@b47-jpr-10-1111]](jpr-10-1111Fig4){#f4-jpr-10-1111}

###### 

Furthest stage of development of the new drugs and ongoing studies

  Drug                        Class                   Number of ongoing studies   Furthest stage of development   Total number of patients enrolled in all active studies   References/clinical trials
  --------------------------- ----------------------- --------------------------- ------------------------------- --------------------------------------------------------- ----------------------------
  Matrix metalloproteinases   Chemonucleolysis        0                           Phase I                         0                                                         40--43
  Ethanol gel                 Chemonucleolysis        2                           Phase I/II                      340                                                       44--47
                                                                                                                                                                            48/NCT02313350
                                                                                                                                                                            49/NCT02343484
  Platelet-rich plasma        Disc regeneration       0                           Phase II                        0                                                         75--76
  Stem cell therapy           Disc regeneration       5                           Phase III                       564                                                       77--80, 82
                                                                                                                                                                            81/NCT02412735
  Tanezumab                   Nociceptor modulation   1                           Phase III                       1800                                                      57--65
                                                                                                                                                                            66/NCT02528253
  Artemin                     Neuronal regrowth       0                           Phase II                        0                                                         53--55
                                                                                                                                                                            56/NCT01873404
